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(54) Vacuum control system and method for automated biopsy device 


(57) An automatic control system for a vacuum-as- 
sisted automatic core biopsy device (10) is provided, 
wherein the automatic core biopsy device (10) compris- 
es a housing (12), out of which extends a needle assem- 
bly (14) including a hollow outer piercing needle (16), 
an inner cutter (18) having a lumen (20), a probe hous- 
ing (22), and a tissue receiving notch (24). The automat- 
ic control system (92) is computerized to move the hol- 
low outer piercing needle (16) automatically to the target 


tissue lesion, as was true in the prior art, but also is pro- 
grammed to automatically control the rotational orienta- 
tion of the piercing needle (16), and its associated tissue 
receiving notch (24), as well as the axial positioning and 
rotation of the cutting cannula (18). Consequently, a cli- 
nician user need only mark the desired locations within 
the target location from which tissue samples are de- 
sired and the automatic control system will operate the 
device to retrieve samples from the marked locations. 
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Description 

Field of the Invention 

The present invention relates to methods and de- 5 
vices for tissue sampling, and more specifically to im- 
proved vacuum control systems and methods for biopsy 
instruments. 

Background of the Invention 10 

It is often desirable and frequently necessary to 
sample or test a portion of tissue from humans and other 
animals, particularly in the diagnosis and treatment of 
patients with cancerous tumors, pre-malignant condi- '5 
tions, and other diseases and disorders. Typically, in the 
case of cancer, when the physician establishes by 
means of procedures such as palpation, x-ray, or ultra- 
sound imaging that suspicious circumstances exist, a 
biopsy is performed to determine whether the cells are 20 
cancerous. Biopsy may be done by an open or percuta- 
neous technique. Open biopsy, which is an invasive sur- 
gical procedure using a scalpel and involving direct vi- 
sion of the target area, removes the entire mass (exci- 
sional biopsy) or a part of the mass (incisional biopsy). 25 
Percutaneous biopsy, on the other hand, is usually done 
with a needle-like instrument through a relatively small 
incision, blindly or with the aid of an artificial imaging 
device, and may be either a fine needle aspiration (FNA) 
or a core biopsy. In FNA biopsy, individual cells or clus- 30 
ters of cells are obtained for cytologic examination and 
may be prepared such as in a Papanicolaou smear. In 
core biopsy, as the term suggests, a core or fragment 
of tissue is obtained for histologic examination which 
may be done via a frozen section or paraffin section. 35 

The type of biopsy utilized depends in large part on 
circumstances present with respect to the patient, and 
no single procedure is ideal for all cases. However, core 
biopsy is extremely useful in a number of conditions and 
is being used more frequently by the medical profession. *o 

One particular type of image guided percutaneous 
core breast biopsy instrument currently available is a 
vacuum-assisted automatic core biopsy device. One 
such successful biopsy device is shown and disclosed 
in U.S. Patent No. 5,526,822, to Burbank et al.. which *s 
is expressly incorporated by reference herein, and in the 
previously referenced related patent application Serial 
No. 08/386,941 , both of which are commonly owned by 
the assignee of the present application, and is presently 
commercially available under the trademark MAMMO- 50 
TOME. This device includes a piercing cannula and a 
cutting cannula and has the capability to actively capture 
tissue prior to cutting the tissue, meaning that vacuum 
pressure is used to "draw" the tissue into a capture 
notch. Mechanisms are included for rotationally orient- 55 
ing the piercing cannula, which has a tissue capture 
notch near the distal end thereof, so that the notch is in 
a desired angular orientation for receiving a tissue sam- 


ple. Additional mechanisms permit the cutting cannula 
to travel axially, so that it may be retracted and advanced 
as desired, and rotationally, in order to assist the cutting 
process. Active capture allows for sampling through 
non -homogeneous tissues, meaning that the device is 
equally capable of cutting through hard and soft tissue. 
The device also includes means to direct and position 
the cutting chamber in arbitrary positions about and 
along its longitudinal axis, means for rapid and atrau- 
matic removal of an arbitrary number of core samples 
with only a single insertion into the body and organ, and 
means for coding and decoding the location from which 
the samples were obtained. Together, these capabilities 
allow for more complete sampling of large lesions and 
for the complete removal of small lesions. This type of 
instrument is advantageous in that it permits the obtain- 
ment of a plurality of tissue samples from different loca- 
tions with only a single instrument insertion. Conse- 
quently, a wide area of tissue within the body may be 
excised through a single small opening, so as to greatly 
reduce resultant trauma to the patient. Use of this kind 
of instrument also produces high quality samples in a 
manner which does not require direct handling of the 
samples by the operator. 

Presently, vacuum-assist automatic core biopsy de- 
vices of the type disclosed in the aforementioned '822 
patent have been manually operated once the piercing 
cannula of the device is located as desired adjacent to 
a target lesion. In particular, vacuum pressure has typ- 
ically been applied simultaneously to both the vacuum 
and cutter lumens during a procedure by manually op- 
erating a source of vacuum pressure when a region of 
vacuum adjacent to the tissue receiving notch is de- 
sired. It would thus be a significant advantage to be able 
to automatically control the application of vacuum pres- 
sure during the procedure, so that the user is free to 
entirely concentrate on the medical procedure itself and 
in order to enhance the accuracy and efficiency of the 
procedure. 

It has been found through usage of vacuum-assist 
automatic core biopsy devices of this type that vacuum 
management techniques are valuable not only for draw- 
ing tissue into the capture notch, but also to assist in 
transport of the tissue specimen proximally through the 
instrument and out of the patient's body. To elaborate, 
because of differential pressures developed within the 
biopsy probe during the course of the procedure, effi- 
cient transport of the tissue specimen outside of the 
body does not always occur For example, sometimes 
as the cutter is retracted, the specimen remains at the 
distal section of the probe and thus inside the body. If 
pressure at the proximal end of the specimen can be 
established, that is lower than the pressure at the distal 
end of the specimen, a favorable pressure differential 
will exist which will improve the likelihood that the tissue 
specimen will travel proximally with the cutter to the des- 
ignated tissue receptacle. 

During a tissue specimen removal procedure, a sig- 
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nificant quantity of blood and small excess tissue pieces 
are generated by the cutting process. Presently, this 
blood and tissue is drawn back through the cutter lumen 
when vacuum is applied thereto to assist in retrieving 
the tissue specimen, and exits from the proximal end of s 
the device in the vicinity of the tissue specimen recep- 
tacle. This is a problem in that it obscures the practition- 
er's view of the specimen as it is being retrieved, and 
additionally complicates the objective of obtaining an in- 
tact specimen. It would therefore be a further advantage '0 
to be able to operate the vacuum system so that such 
blood and tissue is effectively removed to a site remote 
from that of the tissue specimen receptacle, and in such 
a manner that it does not interfere with the effective ob- 
tainment of intact specimens. Furthermore, it would be '5 
yet another advantage to be able to selectively apply 
differential vacuum pressure throughout the probe, au- 
tomatically, in order to in order to assist in the removal 
of clogging debris from the various lumens and ports. 

20 

Summary of the Invention 

This invention accomplishes the aforementioned 
objective by providing a biopsy device having an auto- 
matic control system for selectively delivering vacuum 25 
pressure to the region of the tissue receiving notch dur- 
ing the course of the biopsy procedure. Using the inven- 
tive system, vacuum pressure is delivered selectively 
responsive to the position of the cutter, thereby maxi- 
mizing operational efficiency and ensuring the acquisi- 30 
tion of an optimized tissue specimen and minimizing 
system clogging. 

More particularly, in one aspect of the invention an 
automatic biopsy device is provided which comprises a 
first elongate cannula having a distal end for entering 35 
tissue and a notch disposed proximally of the distal end 
for receiving a portion of the tissue which is positioned 
adjacent to the notch. A second elongate cannula is dis- 
posed coaxially with the first cannula, and is slidable 
along the first cannula for cutting the portion of tissue 40 
protruding into the notch when the second cannula 
slides past the notch, thereby depositing the portion of 
cut tissue within the first elongate cannula proximal to 
the first cannula distal end. A source of vacuum pres- 
sure is provided for selectively delivering vacuum pres- 45 
sure to the region within the first elongate cannula ad- 
jacent to the notch. At least one passage, and preferably 
two, including both a vacuum lumen and a lumen ex- 
tending through the second elongate cannula, fluidly 
connects the source of vacuum pressure to the region so 
adjacent to the notch. Advantageously, a controller is 
provided which is programmed to automatically control 
the flow of vacuum pressure to the region during a bi- 
opsy procedure, such that the ability to successfully ob- 
tain and transport a tissue sample proximally from the 55 
notch to a tissue sample receptacle is enhanced. 

In another aspect of the invention, an automatic bi- 
opsy device is provided which includes a cannula having 


4 

a distal end for entering tissue and a notch disposed in 
the distal end for receiving a portion of the tissue which 
is positioned adjacent to the notch. A cutter operable for 
cutting the portion of tissue protruding into the notch is 
provided, so that the portion of cut tissue is deposited 
into the distal end of the first cannula. Also included are 
a proximally disposed tissue receiving chamber, a 
source of vacuum pressure for selectively delivering 
vacuum pressure to the region within the first elongate 
cannula adjacent to the notch, and a passage for fluidly 
connecting the source of vacuum pressure to the region 
adjacent to the notch. A valve controls the flow of vac- 
uum pressure through the passage, the valve being con- 
trolled automatically by a controller between an open 
state and a closed state to thereby selectively control 
the flow of vacuum pressure to the region during a bi- 
opsy procedure. 

In yet another aspect of the invention, a method of 
controlling vacuum pressure to an automatic biopsy de- 
vice is disclosed, wherein the device comprises a first 
cannula having a distal end for entering tissue and a tis- 
sue-receiving notch, a second cutting cannula having a 
distal end and being disposed coaxially with the first 
cannula, the second cannula having a lumen, a source 
of vacuum pressure, a vacuum lumen communicating 
with a region in the first cannula adjacent to the notch, 
a distal aspiration port communicating with the vacuum 
lumen, and a proximal aspiration port communicating 
with the second cannula lumen. The inventive method 
includes the step of opening both the vacuum lumen and 
the cutting cannula lumen to the flow of vacuum pres- 
sure when the distal end of the cutting cannula is dis- 
posed proximal to the notch, before severing of a tissue 
sample has commenced. Once the distal end of the cut- 
ting cannula has traversed distally of the notch and the 
tissue sample has been severed, the vacuum lumen is 
closed to the flow of vacuum pressure. Finally, the cut- 
ting cannula lumen is closed to the flow of vacuum pres- 
sure once the distal end of the cutting cannula, carrying 
the tissue specimen, has been withdrawn proximally to 
a location to which the tissue specimen is to be deliv- 
ered. 

The invention, together with additional features and 
advantages thereof, may best be understood by refer- 
ence to the following description taken in conjunction 
with the accompanying illustrative drawing. 

Brief Description of the Drawing 

Fig. 1 is a perspective view schematically illustrat- 
ing a vacuum control system for an automatic core 
biopsy device constructed in accordance with the 
principles of the present invention; 
Fig. 2 is a schematic view illustrating the vacuum 
supply lines and solenoid pinch valves which com- 
prise one embodiment of the present invention; 
Fig. 3 is a perspective view illustrating a first inven- 
tive arrangement of the solenoid pinch valves of the 
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present invention; 

Fig. 4 is a perspective view illustrating a second in- 
ventive arrangement of the solenoid pinch valves of 
the present invention; 

Fig. 5 is a schematic view illustrating a preferred ar- 
rangement for attaching the vacuum supply lines to 
an automated biopsy probe; 
Figs. 6a, 6b, 6c, 6d, 6e, and 6f are elevational sche- 
matic views illustrating a typical operational se- 
quence for an automated biopsy probe performing 
a biopsy procedure; 

Fig. 7 is a table indicating the valve state in each 
vacuum supply line during each sequential position 
of the biopsy probe illustrated in Figs. 6a through 
6f, according to the embodiment illustrated in Fig. 5; 
Fig. 8 is a logic diagram illustrating the preferred 
control scheme for the operational sequence shown 
in Figs. 6a through 6f , including the option to repeat 
the sequence without removing the biopsy probe 
from a patient's body; 

Figs. 9A and 9B are perspective views illustrating 
an alternative mechanical camming embodiment 
for controlling the flow through each vacuum supply 
line in the system of the invention; 
Fig. 1 0 is a schematic end view illustrating operation 
of the camming embodiment shown in Fig. 9; 
Fig. 11 is a schematic elevational view illustrating 
operation of the camming embodiment shown in 
Fig. 9; 

Fig. 12 is a schematic elevational view illustrating 
the camming embodiment of Fig. 9 in a disengaged 
state; 

Fig. 13 is a schematic view similar to Fig. 2, illus- 
trating the vacuum supply lines and solenoid pinch 
valves which comprise a modified, presently pre- 
ferred embodiment of the invention; 
Fig. 14 is a schematic view similar to Fig. 5, illus- 
trating a modified arrangement for attaching the 
vacuum supply lines to an automated biopsy probe, 
according to the embodiment of Fig. 1 3; 
Fig. 15 is a table similar to that of Fig. 7, indicating 
the condition of each vacuum supply line during 
each sequential position of the biopsy probe illus- 
trated in Figs. 6a through 6f, according to the em- 
bodiment shown in Fig. 14; and 
Fig. 16 is a cross-sectional view of the hollow outer 
piercing needle and cutter assembly for the auto- 
matic core biopsy device illustrated in Fig. 1. 

Description of the Invention 

Referring now more particularly to Figs. 1 and 16, 
an automatic core biopsy device 10, preferably of the 
type disclosed in U.S. Patent No. 5,526,822 and related 
patent application 08/386,941 , both of which are herein 
expressly incorporated by reference, is illustrated. The 
biopsy instrument 10 comprises a housing 12, from 
which extends a needle assembly or probe body 1 4. The 


biopsy instrument is illustrated in more detail, schemat- 
ically and with the housing 12 removed, in Figs. 5 and 
6a through 6f. Viewing these figures, the probe body 14 
includes an outer cannula 16, which may comprise a 
s hollow outer piercing needle, or may alternatively have 
a blunt distal end, if desired, an inner cutter 18 having 
a lumen 20 (Fig. 16), a tissue cassette housing 22 and 
a tissue receiving notch 24. A distal aspiration fitting or 
port 26 is adapted for attachment to a vacuum pressure 
10 control system 28 (Fig. 1) through a tube or tubing 30 
(Fig. 5), in order to aspirate or apply vacuum to the notch 
24. The vacuum is supplied through a separate vacuum 
lumen 31 (Fig. 16) extending along the length of the out- 
er cannula 1 6, and through the lumens of the outer can- 
nula 1 6 or the inner cutter 1 8. 

In one embodiment, as illustrated in Fig. 1 , the vac- 
uum pressure control system 28 comprises a high vac- 
uum supply 32, a low vacuum supply 34, a solenoid valv- 
ing system 38, and a solenoid valve controller 40. A pos- 
itive pressure supply could also be provided, if desired. 
The solenoid valving system 38 includes five solenoid 
valves A, B, C, D, and E, in this particular embodiment, 
which are attached to a support platfonn 42 by means 
of brackets 44. However, a fewer or greater number of 
valves controlling pressures and or vacuum of different 
levels may be utilized within the scope of the invention, 
and of course they may be mounted or arranged in any 
reasonable manner, which would be known to one of 
ordinary skill in the art. For example, in an alternative 
embodiment illustrated in Fig. 4, wherein like elements 
to those of Fig. 3 are identified by like reference numer- 
als, succeeded by the letter a, the solenoid valves are 
arranged in a generally circular pattern, though opera- 
tionally they function in an equivalent manner to the ar- 
rangement illustrated in Fig. 3. Of course, as would be 
recognized by those of ordinary skill in the art, many oth- 
er known equivalent types of valving systems could be 
utilized as weil, particularly if they are capable of auto- 
matic actuation by a programmable controller. 

With particular reference now to Figs. 1, 3, and 5, 
the biopsy instrument 10 includes a proximal aspiration 
fitting or port 50 (Figs. 1 and 5) which is adapted for at- 
tachment to the vacuum pressure control system 28 
(Fig. 1) through a tube or tubing 52. This arrangement 
permits aspiration of the notch 24 through the lumen 20 
(Fig. 16) ofthe inner cutter 18. 

In operation, the distal point 54 of the outer cannula 
16 is first moved into position to pierce the lesion or se- 
lected tissue (not shown) which is to be sampled. The 
initial global position of the point 54 with respect to the 
tissue area being sampled is determined by the overall 
position of the biopsy instrument 10 with respect to the 
patient. This is accomplished in a manner well known in 
the art, preferably using a known stereotactic guidance 
system, and one such preferred method for positioning 
the point 54 adjacent to the specific lesion region to be 
sampled is described in U.S. Patent No. 5,240,011 to 
Assa, herein incorporated by reference. 
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Once the point 54 is adjacent to the specific lesion 
region to be sampled, fine tuning of the location of the 
notch 24 within the tissue sample is accomplished by 
advancing or withdrawing the outer cannula 1 6 along its 
axis, until the operator is satisfied that the notch 24 is 
properly positioned for the desired procedure. 

During the period of time in which the cannula 16 is 
being positioned adjacent to the lesion, the inner cutter 
18, is maintained in its fully advanced position to close 
off the notch 24, thus preventing snagging and tearing 
of the tissue during slow linear movement of the cannula 
16. Once the cannula is positioned at the precise loca- 
tion within the lesion at which it is desired to obtain a 
tissue sample, the tissue specimen cutting procedure is 
commenced. This procedure is illustrated sequentially 
in Figs. 6a through 6f, and in the tables of Figs. 7 and 
8. Initially, as illustrated in Fig. 6a, the cutting cannula 
18 is fully retracted proximally to the "start" position, or 
cutter position "one" of Fig. 7, wherein the distal end of 
the cutter 18 is disposed at the proximal edge of the tis- 
sue cassette housing 22. At the start of the procedure, 
the cutter 1 8 is fully retracted to position "one", where 
solenoid valves A, B, and E are actuated by the control- 
ler 40 to be in the closed state, and valves C and D are 
actuated to be in the open position, as indicated in Fig. 
7. In this state, only ambient pressure is being supplied 
to both the distal probe port 26 and the proximal probe 
port 50 (Fig. 5). The linear position of the cutting cannula 
may be detected using any known sensing means, such 
as Hall effect sensors, linear potentiometers, or the like. 
Alternatively, the necessity for sensors may be eliminat- 
ed by pre-programming the controller 40 to move the 
cutting cannula 18 a predetermined distance during 
each sequential step, simultaneously actuating the 
valves A-E to the desired state for the particular step. 

The cutter 18 is next advanced to position "two" of 
Fig. 7, as shown in Fig. 6b, preferably by either manual 
or automatic operation of a drive motor which operates 
to advance or retract the cutter linearly. Such a drive sys- 
tem is fully described in the aforementioned U.S. Patent 
No. 5,526,822, to Burbank et al, for example. As the cut- 
ter 18 reaches position "two", the valve controller 40 op- 
erates to actuate valves A and E to an open position and 
valves C and D to a closed position. Valve B remains 
closed. Thus, referring back to Figs. 2 and 5, a high vac- 
uum pressure (preferably greater than 18 inches Hg) is 
supplied to both the distal port 26 and the proximal port 
50 as the distal end of the cutter 18 reaches a position 
just proximal to the tissue receiving notch 24 (see Fig. 
6b, which illustrates the cutter 18 in position "two"). This 
creates a region of very low pressure in the vicinity of 
the tissue receiving notch 24 and the vacuum lumen 31 
(Fig. 16), facilitating the prolapse of tissue immediately 
adjacent to the notch 24 into the interior of the outer can- 
nula 16. Once the tissue is fully prolapsed into the notch 
24, the prolapsed tissue sample is severed from the 
main tissue mass by the advancement of the cannular 
inner cutter 18 (Fig. 6c), actuated automatically at the 


8 

appropriate time by the control unit 40, past the notch 
24. The cutter drive motor (not shown) may, at this junc- 
ture, operate to rotate the cutter 18 as desired to assist 
in severing the tissue sample. Such a cutter drive motor, 

5 which may be actuated either manually or automatically, 
is shown and described in the aforementioned Patent 
No. 5,526,822, to Burbank et al. After being severed 
from the tissue mass, the tissue sample is packed into 
the distal end of the lumen 20 of the inner cutter 18 as 

io the inner cutter moves forward past the distal edge of 
the notch 24, to position "three" of Fig. 7, illustrated in 
Fig. 6c. As the cutter 18 approaches position "three", 
the controller 40 actuates the valves as necessary such 
that valves A, B, and D are closed and valves C and E 

is are open. Thus, referring again to Figs. 2 and 5, ambient 
pressure is supplied through valve C to the distal port 
26, while high vacuum pressure from supply 32 is pro- 
vided through valve E to the proximal probe port 50. The 
high vacuum pressure supplied through the cutter lu- 

20 men 20 from the proximal port 50 functions to retain the 
tissue specimen in the lumen 20 during the ensuing 
transport of the cutter and specimen proximally to a suit- 
able tissue receptacle (not shown) in a tissue chamber 
58. 

25 Figure 6d illustrates the inner cutter 18 in position 
"four", which is the same as position "three", but as the 
cutter is beginning to retract proximally for delivery of 
the tissue sample. The tissue sample is retained in the 
inner cutter 18 as it is withdrawn proximally toward the 

30 tissue cassette housing 22, by friction with the inner 
walls of the cannula, and by suction pressure within the 
lumen 20 caused by the open valve E. This suction re- 
tention force greatly improves efficiency of transporta- 
tion of the specimen. 

35 As the inner cutter 18 is withdrawn through the 
housing 22, it passes through cutter position "five", illus- 
trated in Fig. 6e. In cutter position "five", as indicated in 
Fig. 7, valves B and D are actuated to the open state, 
while valves A, C, and E are closed. Thus, referring once 

40 again to Figs. 2 and 5, it is seen that a low vacuum pres- 
sure (preferably 1-5 inches Hg.) is supplied to the distal 
probe port 26, while the proximal probe port 50 is open 
to ambient pressure. Hence, a low vacuum pressure re- 
gion is created in the vacuum lumen 31 , and is commu- 

45 nicated to the distal end of the cannula 1 6 proximate to 
the tissue receiving notch 24 through apertures 56. This 
applied "constant" low suction pressure to the region ad- 
jacent the notch 24 is advantageous in that it assists in 
drawing blood, tissue bits, and other by-products of the 

50 cutting operation from the procedure site proximally 
through the vacuum lumen 31 such that it exits through 
the distal port 26 into a medical waste receptacle (not 
shown) or the like, thereby preventing the blood and oth- 
er waste from either clogging lumens 20 and 31 or ap- 

55 ertures 56, or traversing proximally through the cutter 
lumen and discharging with the tissue specimen into a 
specimen receptacle (not shown), such as a tissue cas- 
sette, for example, within the tissue chamber 58 in the 
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housing 22. Bleeding can cause at least three problems; 
namely, clogging of lumens or apertures within the 
probe, interference with a practitioner's ability to collect 
a tissue specimen, and blood not drained into a collec- 
tion reservoir may damage delicate mechanical/electri- 
cal equipment below. A tubular knock-out pin (not 
shown) may be used to assist in discharging the tissue 
specimen into the tissue receptacle. 

Once the intact tissue specimen has been obtained, 
the cutting cannula 18 is returned proximally to its start 
position "six", which is the same as position "one", as 
illustrated in Fig. 6f, and the valves are maintained in 
the same state as in position "five". Thus, low vacuum 
pressure continues to be supplied to the outer cannula 
adjacent to the notch 24 from the vacuum lumen 31 , 
such that medical waste continues to be drawn from the 
procedural site through the lumen 31 and distal port 26 
into an appropriate waste receptacle, away from the bi- 
opsy instrument and delicate equipment. 

At this juncture, referring in particular to Fig. 8, a 
decision is made by medical practitioner conducting the 
procedure as to whether more tissue specimens are de- 
sired. If the decision is negative, then the procedure is 
concluded and the probe 1 4 is withdrawn from the pa- 
tient. If the decision is positive, then the cutter is re- 
turned to position "two", the controller 40 actuates the 
valves to their position "two" states as indicated in Fig. 
7, and the sequence is repeated for obtaining a second 
specimen. The sequence may be repeated as many 
times as required until the desired number of tissue 
specimens have been obtained. Typically, the outer can- 
nula 16 may be rotated through a predetermined angle 
between each cutting sequence, in order to obtain tissue 
specimens from sites disposed at each of various angu- 
lar orientations of the tissue receiving notch 24 relative 
to the long axis of cannula 16. Alternatively, the outer 
cannula may be moved between each sequence, if de- 
sired, without complete removal from the patient, in or- 
der to obtain additional tissue specimens from tissue 
sites at different locations. These possibilities are dis- 
cussed more fully in U.S. Patent No. 5,526,822 and in 
the other patent applications referenced supra. 

Figs. 9A, 9B, and 10-12 illustrate an alternative me- 
chanical valving arrangement or system 38a, which 
could be used, for example, in the system illustrated in 
Figs. 1-8. The valving system 38a comprises a valve 
platform 60 having a plurality of flow channels 62, 64, 
66, 68, and 70 formed longitudinally in an upper surface 
72 thereof. A plurality of flow passages, preferably com- 
prising elastomeric tubes AA, BB, CC, DD, and EE, are 
adapted to be disposed in corresponding channels 62, 
64, 66, 68, and 70, respectively (Figs. 9B and 10). A 
rotatable spool 74, having a camming surface 76 and a 
plurality of circumferential ly and axially spaced cams 78, 
80, 82, 84, and 86 is adapted to roll linearly along the 
lengths of the tubes AA, BB, CC, DD, and EE. When 
assembled, the system 38a is configured so that, as the 
spool 74 is rotated linearly along the tubes AA, BB, CC, 


DD, EE, the tubes remain fully expanded and open to 
fluid flow except when contacted by a corresponding 
protruding cam, at which point the cam compresses or 
pinches the tube with which it comes into contact, pre- 
s venting fluid flow through the tube. Thus, as illustrated 
in Fig. 10, cams 78, 80, and 86 are in contact with tubes 
AA, BB, and EE, respectively, thereby closing or shut- 
ting off flow through those tubes. The remaining tubes 
CC and DD, being in abutting relationship only with the 

10 camming surface 76 (or, alternatively, a groove formed 
in the camming surface 76, are fully expanded, and thus 
in an open state. 

In operation, the system 38a described supra and 
illustrated in Figs. 9A, 9B, and 10-12 may be utilized in 

15 place of system 38 illustrated in Fig. 2, wherein the tubes 
AA, BB, CC, DD, and EE function equivalently to the 
corresponding solenoid valves A, B, C, D, and E, re- 
spectively. The cams 78, 80, 82, 84, and 86 correspond- 
ing to each of the tubes AA, BB, CC, DD, and EE are 

20 each arranged to be of a particular length and to be dis- 
posed to occupy a particular circumferential portion of 
the camming surface 76 such that the controller 40 may 
be programmed to rotate the spool 74 through a partic- 
ular angular distance for each of the positions "one" 

25 through "six" indicated in the table of Fig. 7, so that each 
of the tubes AA through EE, by virtue of the particular 
arrangement of cams 78, 80, 82, 84, and 86, is opened 
or closed as indicated by the table in Fig. 7 for the par- 
ticular position of the cutting cannula 18. For example, 

30 when the cutting cannula 18 is at position "one", as il- 
lustrated in Fig. 6a and Fig. 10, the controller 40 actu- 
ates the spool 74, by means of a stepper motor (not 
shown) or the like, to rotate through a particular angular 
distance to the position denoted as "1 " on the valve plat- 

35 form 60 (see Figs. 1 0 and 1 1 ), such that the cam 78 con- 
tacts tube AA and pinches it to the closed position, the 
cam 80 pinches tube BB to the closed position, the cam 
86 pinches tube EE to the closed position, and the re- 
maining two tubes CC and DD are not contacted by their 

40 corresponding cams 80 and 82, respectively, so that 
they remain in an open state. As is the case with the 
Figure 1 embodiment, therefore, tube CC vents the dis- 
tal port 26 to ambient pressure, while the tube DD like- 
wise vents the proximal port 50 to ambient pressure. 

45 Then, when the cutter moves to position "two", the spool 
is rotated to a corresponding position "2" (Fig. 11 ) along 
the valve platform 60 such that the cams 78, 80, 82, 84, 
and 86 are displaced to a configuration wherein tubes 
AA and EE are open and the remaining tubes are 

50 closed. This procedure continues through the entire se- 
quence illustrated in Fig. 8, and, of course, may be re" 
peated as many times as necessary to obtain the de- 
sired number of tissue specimens. 

As shown in Fig. 12, an advantage of the mechan- 

55 jcal valving embodiment is that the cam spool 74 is pref- 
erably configured to be readily disengaged from the 
valve platform 60 in order to enable easy removal and 
replacement of the tube sets AA, BB, CC, DD, and EE 
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and for maintenance. 

Another, presently preferred embodiment of the in- 
ventive vacuum pressure control system is illustrated in 
Figs. 13-15. In this embodiment, like elements to those 
of the system of Figs. 1-5 are designated by like refer- 
ence numerals, succeeded by the letter b. Like valves 
are designated by the same letters as in Figs. 1 -5. 

The modified vacuum pressure control system 28b 
of Figs. 13-15 is similar in many respects to the system 
28 of Figs. 1-5, but eliminates the low vacuum supply 
34 and associated valve B. In operation, with reference 
to Figs. 6a - 6f , 8, and 1 3-1 6, once the outer cann ula 1 6, 
16b has been properly positioned at the desired tissue 
sampling site, the inner cannular cutter 18, 18b is fully 
retracted proximally to the •start" position, or cutter po- 
sition "one" of Figs. 6a and 15, wherein the distal end of 
the cutter 18, 18b is disposed at the proximal edge of 
the tissue cassette housing 22, 22b. As the cutter 18, 
18b approaches position "one", the valves A, C, D, and 
E are appropriately actuated by the controller 40b such 
that valves A and E are closed while valves C and D are 
open, as indicated in Fig. 1 5. This state is the same as 
that in the first embodiment, and permits only venting of 
each of the distal and proximal ports 26b and 50b, re- 
spectively, to ambient pressure. 

The cutter 18, 18b is next advanced to position 
"two" of Fig. 15, as illustrated in Fig. 6b. As the cutter 
18, 18b approaches position "two", the valve controller 
40b operates to actuate valves A and E to an open po- 
sition and valves C and D to a closed position. Thus, as 
in the first embodiment of Figs. 1 -5, a high vacuum pres- 
sure is supplied to both the distal port 26, 26b and the 
proximal port 50, 50b as the distal end of the cutter 18, 
18b passes a position just proximal to the tissue receiv- 
ing notch 24, 24b. This creates a region of very low pres- 
sure in the vicinity of the tissue receiving notch 24, 24b, 
communicated through both the vacuum lumen 31 and 
apertures 56 and the cutter lumen 20 (Fig. 16). This low 
pressure region facilitates the prolapse of tissue imme- 
diately adjacent to the notch 24, 24b into the interior 
ofthe outer cannula 16. Once the tissue is fully pro- 
lapsed into the notch 24, so as to fill the tissue receiving 
cavity formed in the interior of the outer cannula 1 6, the 
prolapsed tissue sample is severed from the main tissue 
mass by the advancement of the inner cannular cutter 
18, 18b, actuated manually or automatically at the ap- 
propriate time by the control unit 40, past the notch 24, 
24b, to thereby sever the prolapsed tissue sample from 
the main tissue mass. The cutter drive motor (not 
shown) may, at this point, operate to rotate the cutter 
18, 1 8b as desired to assist in severing the tissue sam- 
ple. 

After being severed from the tissue mass, the tissue 
sample is packed into the distal end of the lumen 20 (Fig. 
1 6) of the inner cutter 1 8, 1 8b as the inner cutter moves 
forward past the distal edge of the tissue notch 24, to 
position "three" of Fig. 15, illustrated in Fig. 6c. As the 
cutter 18, 18b approaches position "three", the control- 


ler 40b actuates the valves as necessary such that 
valves A and D are closed, and valves C and E are open. 
Thus, referring again to Figs. 13 and 14, ambient pres- 
sure is supplied through valve C to the distal port 26, 
s 26b, while high vacuum pressure from supply 32b is pro- 
vided through vafve E to the proximal port 50, 50b. The 
high vacuum pressure supplied through the cutter lu- 
men 20 (Fig. 1 6) from the proximal port 50, 50b functions 
to retain the tissue specimen in the lumen 20 during the 

10 ensuing transport of the cutter and specimen proximally 
to the tissue receptacle chamber 58, 58b. 

As the inner cutter 1 8, 1 8b is withdrawn through the 
housing 22, 22b, it passes through cutter position "five", 
illustrated in Fig. 6e. In this position, as indicated in Fig. 

»s 1 5, valves C and E are closed, while valve D is open 
and valve A is actuated by the controller 40b to cycle on 
and off, so that high vacuum pressure is alternately 
"pulsed" to the distal probe port 26b. An advantage of 
pulsing vacuum pressure through the vacuum lumen 31 

20 into the tissue receiving chamber of outer cannula 16 
when the inner cutter 1 8, 1 8b is at or proximal to position 
5 is that the vacuum lumen 31 is kept patent (i.e. not 
clogged with blood and other bits of tissue generated by 
the tissue cutting procedure) and the blood and tissue 

25 waste is drawn through the vacuum lumen 31 and into 
a medical waste receptacle, rather than exiting from the 
proximal end of the cutter lumen 31 , and thereby inter- 
fering with the tissue specimen retrieval process or oth- 
erwise inconveniencing the practitioner. The inventors 

30 have discovered that the on/off cycle time is dependent 
upon a number of factors, and a cycle of 1 second on 
and 1 second off is presently preferred for the illustrated 
embodiment, wherein the pump constituting the vacuum 
supply 32b is supplied by Thomas Industries and is rat- 

35 ed to create a vacuum of 26" Hg at a flow rate of 37 1/2 
SCFH. Factors involved in determining cycle time in- 
clude the requirement that for effective removal of blood 
and tissue debris approximately 50 - 90% of the full vac- 
uum pressure available must be generated at the tip of 

40 the probe 1 4 for a short period of time sufficient to aspi- 
rate away the aforementioned blood and debris. Thus, 
the volume of tubing from the vacuum source 32b and 
the probe tip must be taken into account, as well as the 
vacuum pump capacity. If a pump having a greater ca- 

4 5 pacity and/or tubing of lesser volume were employed, 
the on cycle time could be decreased and/or the off cycle 
time could be increased. Conversely, if a pump having 
a lesser capacity and/or tubing of greater volume were 
employed, the on cycle time would need to be increased 

50 and/or the off cycle time would need to be decreased. 

While the constant low vacuum embodiment ol 
Figs. 1 -5 is advantageous over the prior art for-a number 
of reasons, the pulsing embodiment of Figs. 1 3-1 5 may 
even be more advantageous for the purpose of effec- 
ts tively drawing blood and tissue waste away from the pro- 
cedural site without interfering with tissue specimen re- 
covery. For example, the embodiment shown in Figs. 
1 3-1 5 has the advantage of eliminating one valve (valve 
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B) and the need for a source of low vacuum pressure 
(element 34 in Figs. 1-5), thereby reducing the cost of 
production and simplifying operation and maintenance. 

Once the intact tissue specimen has been obtained, 
the cutting cannula 18 is returned proximally to its start 
position "six", which is the same as position "one", as 
illustrated in Fig. 6f, and the valves are maintained in 
the same state as in position "five". Thus, high vacuum 
pressure continues to be pulsed through the vacuum lu- 
men 31 and to the region adjacent to the notch 24, 24b, 
such that medical waste continues to be drawn from the 
procedural site through the lumen 31 and distal port 26, 
26b into an appropriate waste receptacle. 

As in the case of the first embodiment of Figs. 1-5, 
the foregoing procedure may be repeated as many 
times as necessary to ensure that the desired number 
of tissue samples have been obtained, as indicated in 
the logic diagram of Fig. 8. 

While this invention has been described with re- 
spect to various specific examples and embodiments, it 
is to be understood that the invention is not limited there- 
to and that it can be variously practiced within the scope 
of the following claims. 


Claims 

1 . An automatic biopsy device, comprising: 

a cannula having a distal end for entering tissue 
and a notch disposed in said distal end for re- 
ceiving a portion of the tissue which is posi- 
tioned adjacent to said notch; 
a cutter operable for cutting the portion of tissue 
protruding into said notch, thereby depositing 
the portion of cut tissue within the distal end of 
said first cannula; 

a source of vacuum pressure for selectively de- 
livering vacuum pressure to the region within 
said first cannula adjacent to said notch; 
a passage for fluidly connecting the source of 
vacuum pressure to the region adjacent to the 
notch; and 

a controller for automatically controlling the 
flow of vacuum pressure to said region during 
a biopsy procedure such that the ability to suc- 
cessfully obtain and transport a tissue sample 
proximally from said notch is enhanced. 

2. The automatic biopsy device as recited in claim 1 , 
wherein said cannula comprises an outer hollow 
cannula and said cutter comprises an inner elon- 
gate cannula slidabty disposed within said outer 
cannula. 

3. The automatic biopsy device as recited in claim 1, 
and further comprising a vacuum lumen having a 
distal end and a proximal end, the distal end of the 


vacuum lumen communicating with the region with- 
in said cannula adjacent to the notch through at 
least one aperture. 

5 4. The automatic biopsy device as recited in claim 3, 
wherein: 

said cannula comprises an outer hollow cannu- 
la and said cutter comprises an inner elongate 
io cannula slidably disposed within said outer 

cannula; 

said passage comprises two passages, a first 
passage including said vacuum lumen and a 
second passage including a lumen extending 

15 through said inner elongate cannula, the biopsy 

device further comprising a distal aspiration 
port which communicates with said vacuum lu- 
men, and a proximal aspiration port which com- 
municates with said inner elongate cannula lu- 

20 men, the source of vacuum pressure fluidly 

communicating with each of said distal and 
proximal aspiration ports. 

5. The automatic biopsy device as recited in claim 4, 
25 and further comprising a first valve for selectively 

permitting or shutting off the flow of vacuum pres- 
sure through said vacuum lumen, and a second 
valve for selectively permitting or shutting off the 
flow of vacuum pressure through said inner elon- 
30 gate cannula lumen, said controller actuating each 
of said first and second valves between an open po- 
sition and a closed position in order to selectively 
manage the flow of vacuum pressure to the region 
adjacent to said notch during a biopsy procedure. 

35 

6. The automatic biopsy device as recited in claim 5, 
wherein said first and second valves are independ- 
ently actuated by said controller responsive to the 
position of said inner cannula during a biopsy pro- 

40 cedure. 

7. The automatic biopsy device as recited in claim 5, 
wherein the first and second valves are both actu- 
ated by the controller to the closed position at the 

45 start of a biopsy procedure. 

8. The automatic biopsy device as recited in claim 5, 
wherein when the distal end of the inner cutting can- 
nula is disposed just proximal to said notch, in prep- 

50 aration for severing a tissue sample, the first and 
second valves are both actuated to the open posi- 
tion in order to deliver maximum vacuum pressure 
to the vicinity of said notch, to thereby draw tissue 
into the notch. 

55 

9. The automatic biopsy device as recited in claim 5, 
wherein when the distai end of the inner cutting can- 
nula is disposed distally of said notch, after sever- 
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ance of a tissue sample, the first valve is actuated 
to the closed position and the second valve is actu- 
ated to the open position, to enhance transport of 
the tissue sample proximally as the inner cannula 
is withdrawn proximally. s 

10. The automatic biopsy device as recited in claim 5, 
wherein when the distal end of the inner cutting can- 
nula is disposed in the tissue receiving chamber, the 
first valve is actuated to cycle between the open and 10 
closed positions and the second valve is actuated 

to the closed position. 

11. The automatic biopsy device as recited in claim 5, 
and further comprising a low pressure vacuum '5 
source, a flow line between said low pressure vac- 
uum source and said distal aspiration port, and a 
third valve for controlling flow in said flow line, said 
third valve having an open state and a closed state, 
and being selectively actuated by said controller, 20 
wherein when the distal end of the inner cutting can- 
nula is disposed in the tissue receiving chamber, the 
first and second valves are both actuated to the 
closed position and the third valve is actuated to the 
open position. 25 

12. The automatic biopsy device as recited in claim 4, 
and further comprising: 

a third passage for venting said distal probe 30 
port to ambient, said third passage having a 
third valve therein for selectively opening and 
closing said third passage; and 
a fourth passage for venting said proximal 
probe port to ambient, said fourth passage hav- 35 
ing a fourth valve therein for selectively opening 
and closing said fourth passage; 
wherein said third and fourth valves are inde- 
pendently actuated by said controller respon- 
sive to the position of said second cannula dur- *o 
ing a biopsy procedure. 

1 3. The automatic biopsy device as recited in claim 5, 
and further comprising a second source of vacuum 
pressure, the vacuum pressure from said second *s 
source being of a lower negative pressure than the 
vacuum pressure from the first source, vacuum 
pressure from the second source of vacuum pres- 
sure being selectively deliverable to each of said 
distal and proximal aspiration ports through valves 50 
independently controlled by said controller. 
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